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It has been shown repeatedly that although the plant continues to assimilate 
nutrients from the soil until it reaches maturity, the relative (percentage) 
nitrogen content of the plant reaches a maximum at an early stage of growth; 
it then begins to diminish, reaching a minimum at maturity, although the total 
nitrogen content may still increase. This is true not only of the nitrogen but 
also of certain other plant ingredients. Hunt (4) demonstrated in 1889 that, in 
the case of various grasses, as the plant matures there is a decrease in the 
per cent of crude ash, crude fat, and crude protein and an increase in the crude 
fiber and in the nitrogen-free extract. This is well illustrated from the results 
of Berry (1), dealing with the composition of oat straw: 


DATE OF SAMPLING 


Crude protein, per cçent...................... 16.5 | 10.6] 7 
Crude fiber, per cent......................... 14.1 | 21.6 | 24. 


This is true, of course, of the straw more than of the grain as shown by Wil- 
farth and associates (15), for barley: 


DATE OF SAMPLING 


May 29 June 17 July 3 July 27 
Nitrogen content of straw, per cent ............ 2.37 1.16 0.57 0.30 
Nitrogen content of grain, fer cent ............ Seat 2.21 1.50 1.42 


Unfortunately, most of these studies were limited to the determination of 
total nitrogen (crude protein), ash, and ether extract (crude fat). Only in 
exceptional instances was there any attempt made to determine the nature of 

1 Paper No. 347 of the Journal Series New Jersey Agricultural Experiment Station, Dept. 
of Soil Chemistry and Bacteriology, 
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the non-nitrogenous substances, which are usually included under the general 
terms of “crude fiber” and “nitrogen-free extractives.” The former comprises 
largely the celluloses, the lignin and the cutins, whereas the latter includes 
such heterogenous groups as soluble carbohydrates, pentosans and other hemi- 
celluloses, lignins, etc., as seen from a typical analysis reported by Konig (7). 


Composition of natural materials, on the basis of dry substance 


A RED CLOVER, 
HAY (MOISTURE, BEFORE BLOOM 
14.67 PER CENT) (MOISTURE, 


85.95 PER CENT) 


percent — per cent 
Crude protein...................................... 10.29 19.77 
Crude fat cdc seek ahay au qaya qu asawa waqay 2.76 4.09 
Nitrogen-free extractives............................. 50.03 43.26 
Crude fibers oy otis. aa co upa EE puwa Ca 31.11 22.82 
ASD vit cua apa Sa qq uw ea haa wa Aaa NS wp pipas Nk 5.81 10.08 


To understand the nature of the decomposition of plant materials, the differ- 
ence in the rapidity of decomposition and the liberation of nitrogen and minerals 
in an available form—a very important problem from the point of view of de- 
composition of green manures, composting of plant materials and decomposi- 
tion of stable manures—it is essential to have more definite information on the 
composition of the plant materials which are usually added to the soil. 

It may be sufficient for the present to limit the analysis to the more abun- 
dant plant constituents; namely, the carbohydrates, especially the soluble sugars, 
pentosans, and celluloses; the lignins; the proteins and their derivatives, both 
water-soluble and water-insoluble; the fats and waxes; and the ash content, 
without going into a detailed analysis of the less important and less abundant 
substances found in the plant tissues. The methods previously outlined (14) 
enable us to carry out such an analysis even in the presence of a large excess 
of soil. 

As to the decomposition of plant materials at different stages of growth, 
information is even more meagre. The evidence tends to indicate that, at an 
early stage of growth, the plant constituents decompose in the soil more rapidly 
than at a later stage or when the plant begins to mature. At the earlier stage 
of growth, the nitrogen is liberated more rapidly in an available form, namely, 
ammonia, which is readily changed in the soil into nitrate. It is sufficient to 
cite the results of Maynard (11) and Merkle (12), who found that the younger 
the crop plowed under, the more rapidly does it decompose in the soil. Merkle 
(12) used carbon dioxide evolution, whereas Maynard (11) and Hutchinson and 
Milligan (5) used nitrate accumulation as indices of decomposition of organic 
matter. By determining the CO evolution as an index of decomposition, Hill 
(3) demonstrated that not only do plants decompose more rapidly at an early 
stage of growth but that there is a definite relation between the nitrogen con- 
tent of the plant and its decomposition: the higher the nitrogen content the 
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more rapidly does the plant decompose, since the percentage of nitrogen in the 
plant diminishes with the advance in growth, and its rate of decomposition also 
diminishes. Since legumes contain more nitrogen than non-legumes, they 
decompose more rapidly. Drying of green plants was found (16, 3) to retard 
the decomposition of the plant; the assumption was that, as a result of drying, 
soluble hemicelluloses change into less soluble forms. 

The nature of the controlling factors in these transformations is still to be 
determined. This is largely because our information on the decomposition 
of the various constituents of organic materials is still very vague. Certainly 
the terms “decay,” “eremacausis,” “fermentation,” and “putrefaction,” so 
much beloved by the agronomists, did not tend to clear up the nature of the 
processes involved. Some of the more recent contributions to the subject tend 
to indicate that the so-called “humus,” or the soil organic matter, consists 
largely of lignins (2, 8, 13). When organic matter is added to the soil, the 
various constituents; namely, the water-soluble substances, proteins, pentosans, 
and celluloses are sooner or later decomposed, whereas the lignins remain 
undecomposed. This can be demonstrated by an increase in the content of 
methoxyl, a group characteristic of the lignin molecule, and by an increase of 
the carbon content of the organic matter. Natural organic matter of plant 
origin added to the soil contains only 47 to 51 per cent carbon, whereas lignin 
contains 63 to 64 per cent carbon; soil organic matter (“humus”), however, 
contains, on the average, 58 per cent carbon. 

Even results as definite as these, however, still leave a clearer conception 
to be desired of the processes involved in the decomposition of organic matter 
in the soil. This is due to: 1. an insufficient understanding of the rôle of the 
numerous soil organisms in these processes, 2. a lack of information concerning 
the part played by the nitrogen of the natural and soil organic matter in the: 
various transformations, 3. the relation between “humus” and the activities: 
of microorganisms. Even König (9) gives the impression that, in the decom-- 
position of manure, “humus” is an intermediary substance between natural 
organic matter and the final mineralized products (COs, nitrate, sulfate, 
phosphate, etc.) 

For the study of the composition and decomposition of plants at different 
stages of growth, under field conditions, the rye plant was selected. The 
seeds were planted in the fall in a small plot of ground, which received no special 
fertilizer treatment. The plants used at each analysis were selected at ran- 
dom from various parts of the plot, then were well mixed, The first sample 
was taken on April 28, when the plants were only 10 to 14 inches above ground. 
The plants were sampled again on May 17 when a few of the plants had just 
begun to form heads, while in most plants the heads were still invisible; in 
the case of both samples, the whole plant was taken, by cutting it off just 
above ground. The third sample was taken on June 3, just previous to bloom- 
ing; in this case the plants (without the roots) were divided into 2 parts: (a) 
heads, and (b) stems and leaves; (a) and (b) were analyzed separately. The 
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fourth sample was taken on June 30, with heads fully formed, grains well filled 
and in milk, just beginning to become hard; in this case the plants were har- 
vested together with the roots, then divided into 3 portions: (a) heads, (b) 
stems and leaves, (c) roots. The excess of soil adhering to the roots was washed 
off with a stream of water. 

The various samples of plant material were cut into fine pieces with scissors, 
as soon as they were harvested and brought into the laboratory. The moisture 
content was immediately determined by the ordinary method of drying at 
100°C. to constant weight. Fresh portions of plant material, equivalent to 
2 gm. of dry matter, were immediately added to 100-gm. portions of sand or 
100-gm. portions of soil in flasks, for the study of the decomposition of the 
material. The sand cultures received 15-cc. portions of a nutrient solution 


TABLE 2 
Decomposition of rye at different stages of growth 
(2 gm. of dry material added to 100 gm. of sand or soil medium) 


AVAILABLE NITROGEN 
CO: GIVEN OFF IN (NH: -N + NOs - N) 
EIRO eee 27 DAYS ABSORBED (—) OR 
DATE OF SAMPLING SAULE OF LIBERATED (-+) 
MATERIAL, — | or 
Sand Soil Sand Soil 
medium medium medium medium 
| poco | mem.C | mgm.C | mgm.N | mem. N 
April 28. r. years I 2.50 337.7 286.8 +10.1 | +22.2 
May IT... as syisisuaccss It 1.76 286.5 280.4 +0.8 +3.0 
JUNE E hue ssesiiers waña Tila 1.01 215.7 199.5 —12.1 —7.5 
JUNE 9; cakes ee he ae ese 2s III b 2.20 261.9 244.8 +5.7 47.5 
June 0. asthe ties IVa 1.26 269.9 273.7 —4.4 —2.1 
June 30i uay cts hk IVb 0.24 221.4 187.9 —16.0 —8.9 
June 30 aa sake wien iews IV c* 0.55 187.0 158.4 —8.1 —9.4 


* Root material used in the decomposition was equivalent to 1.67 gm. of moisture-free 
and ash-free organic matter. 


containing 250 mgm. (NH4)2HPO,, 100 mgm. KCl, and 100 mgm. MgSO, 
in tap water and were inoculated with a dilute suspension of fresh soil. The 
moisture content of the soil was brought to an optimum; no nutrients were 
added to the soil in the case of the first and second samples, one-third of the 
amount of the nutrients used in the sand cultures was added to the soil con- 
taining the third sample, and a full concentration of nutrients was used for 
the fourth sample in the soil as in the sand cultures. Both sets of cultures were 
placed in the thermostat connected with the aeration apparatus and incubated 
for about four weeks at 25-28°C. The carbon dioxide liberated in that period 
of time was determined at frequent intervals. 

The remaining plant material from each sampling was dried at 80 to 90°C. 
and subjected to a detailed analysis, according to the procedure outlined pre- 
viously (14). Table 1 shows the composition of the straw at different dates of 
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sampling. Table 2 shows the rapidity of decomposition of the plant at various 
stages of growth, as indicated by the evolution of CO; as well as by the libera- 
tion or absorption of available nitrogen. Tables 3 and 4 show the comparative 
composition of the organic matter at the beginning and at the end of decompo- 
sition processes. In figures 1 and 2 the rates of decomposition of the organic 
matter in sand and soil media, as indicated by the evolution of CO», can be 
compared. 

The results shown in table 1 tend to explain the reason for the difference in 
the decomposition of plant materials at different stages of growth. When the 
rye plants are only 10 to 14 inches above ground, 80 per cent of the plant ma- 
terial consists of water, and, of the 20 per cent dry matter, just one-third is 
water-soluble. The pentosan and cellulose contents are low; the lignin content 
in the young plant is less than a half of that found in the mature plant. The 
ash and nitrogen contents are high, but two-thirds of the ash is water-soluble, 
and a little less than one-third of the nitrogenous substances is water-soluble. 
The analysis accounts for only 94.98 per cent of the plant constituents, as 
shown in the following summary: 


per cent 
Asha acus q aqu a oa sted Oe usasapa EE 7.66 
Ether-soluble fraction......... v ua. saa sayu asqa aq atau s ea usa ie 2.60 
Water-soluble fraction (-ash content)................................... 29.16 
Lignin su na E Doaa aN E EPERE EAA E ba bias uq ARNA RES 9.90 
Pentosamaey yy usul s aca a s aka Bala adios aaa T ds ees ee 16.60 
Cell wlose ida cos. e e E E rea ed va a Y yi akaun EA 18.06 
Water-insoluble protein............................................... 11.00 

94.98 


. The remaining 5.02 per cent of the material unaccounted for consists of car- 
bohydrates insoluble in water, outside of the pentosans and celluloses; namely, 
the starches, pectins, and various hemicelluloses. The existence of these 
carbohydrates is indicated by the high content of reducing sugars in the frac- 
tion soluble in alkali and in hot hydrochloric acid, since boiling with 2 per cent 
acid resulted in the hydrolysis of these carbohydrates. 

. The presence of a large amount of water-soluble substance and the high 
nitrogen content account for the rapidity and amount of decomposition (fig. 1,2), 
as indicated by the evolution of CO; and by the rapid liberation of nitrogen 
in an available form, namely, as ammonia and nitrate. Out of 47.7 mgm. of 
nitrogen present in the 2 gm. of dry material, 10.1 mgm. of nitrogen was 
liberated in the sand medium, and 22.2 mgm., or nearly one-half of the total 
nitrogen, in the soil medium, in a period of 27 days. The differences in the 
liberation of available nitrogen and in the evolution of CO» in the sand and soil 
media can be readily explained by the nature of the organisms which took a 
more active part in the decomposition processes. The sand, being more open, 
favored a more rapid development of the fungi; these decompose the organic 
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matter more rapidly, but they store away in their cell substance a greater 
.amount of nitrogen. The soil medium, being more compact, favors a greater 
development of the bacteria decomposing the various plant constituents; less 
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of the nitrogen, therefore, was reassimilated and more of it liberated in an avail- 
able form. The soil may also allow a more rapid development of secondary 
organisms, which decompose the synthesized organic material. 

No complete analysis was made at the end of the decomposition period. The 
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water-insoluble organic matter was reduced from 1,347 mgm. at the beginning 
of decomposition to 300 mgm. at the end of decomposition in the sand medium; 
in other words nearly all the organic matter has become decomposed and the 
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remaining material is largely synthetic in nature, as seen from the amount of 
nitrogen stored away by the organisms. 

The nitrogen content of the humus of the control was 51.9 mgm. nitrogen 
for humus extracted from 100 gm. of soil and 78.9 mgm. nitrogen in the humus 
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of the soil receiving 2 gm. of the young rye plants. The nitrogen added in the 
plant material was 47.7 mgm. Of this 22.2 mgm. was made soluble, the insol- 
uble form accounting fully for the increase in the “humus” nitrogen in the 
soil. 

An examination of the results of the second sampling, taken on May 17, 
tends to confirm those of the first. The water content of the plant is still very 
high, being 78.77 per cent of the total fresh weight of the plant. The analysis 
of the plant accounts for 94.53 per cent of its constituents: ash, 5.90; ether- 
soluble portion, 2.6, water-soluble (-ash content), 18.10; lignin, 11.8; pentosan, 
21.18; cellulose, 26.95; protein, insoluble in water, 8.00. The ash and nitro- 
gen content have diminished; there was a marked reduction in the amount of 
water-soluble constituents, and an increase in the lignin, pentosan, and cellulose 
content. The decomposition of this preparation was less rapid than that of 
the first preparation in the sand medium, but was about the same as in the soil. 


TABLE 3 
Composition of organic matier at beginning and at end of decomposition 
(Sampled May 17) 


AT BEGINNING OF AT END OF EXPERIMENT 


EXPERIMENT 

mgm. mgm. per ceni 

Organic matter (free from water-soluble sub- 
stancesandash)......................... 7,465 2,015 27.00 
Pentosan ech cece bein sayanku ew Q 2,050 380 18.54 
Cellulose (calculated)...................... 2,610 610 23.37 
Eignin ds Suwa usus qua sis oie aa Ree Saeed 1,180 750 63.56 
Protein (insoluble in water)................. 816 253 31.00 
Unaccounted for... usss eee eee neces 8.6 per cent 1.00 


The nitrogen content of the plant (1.76 per cent) was just about sufficient to 
allow the decomposition to proceed rapidly within the given period of time; the 
microdrganisms did not have to draw upon available nitrogen added or present 
in the soil; there was even a slight liberation of available nitrogen, especially 
in the soil medium. 

The decomposition of the rye plant of the second sampling was carried out in 
sand and in soil, in a manner previously outlined, but on a larger scale—47.1 
gm. of fresh material, equivalent to 10 gm. of dry matter, was added to 200 gm. 
of sand; 30 cc. of the above medium was introduced and the mixture inoculated 
with a suspension of fresh soil. At the end of 30 day’s incubation, the contents 

` were well mixed and divided into several portions for analysis. Only 2,515 
mgm. of organic matter was left, including the water-soluble portion, i.e., 75 
per cent of the organic matter has disappeared. The remaining 25 per cent 
was made up of 7.5 per cent lignin, 3.8 per cent pentosan, 6.1 per cent cellulose 
(calculated), 5.0 per cent water-soluble material, and 2.6 per cent was not 


326 SELMAN A. WAKSMAN AND FLORENCE G. TENNEY 


accounted for—this consisted of insoluble minerals, ether-soluble substances, 
undecomposed protein, and synthesized cell substance. Over 80 per cent of 
pentosan and over 75 per cent of the cellulose were decomposed, whereas 
63.5 per cent of the lignin remained undecomposed. This is brought out in 
table 3. 

It is interesting to note that only one-third of the protein was left; more than 
two-thirds were decomposed and converted into ammonia and other water-soluble 
nitrogen compounds. It will be seen later that, with a decrease in the nitro- 
gen content of the plant material the reverse holds true; protein is synthesized 
rather than decomposed. 

‘The plants sampled on June 3 were separated into: 1. stems and leaves, and 
2..heads. The moisture content of the plant was considerably lower than in 
the previous two samplings. The ash content and especially the nitrogen con- 
tent have diminished appreciably in the stems and leaves but have increased 
in the heads. The pentosan content has increased both in the heads and stems, 
whereas the cellulose content has increased only in the stems. The balance of 
the analysis can be seen from the following summary: 


— OT n —a  P— P  —  . _ _ aaa aaamaħÁ 


STEMS AND LEAVES HEADS 

per cent per cent 

ASH Content oe n ssi u k quy Pewee E raia 4.90 5.90 
Ether-soluble fraction............................... 1.70 1.95 
Water-soluble fraction (ash content).................. 15.72 16.38 
Lignin ruas ess muta bs Kiernan tea bn dete werden 18.00 16.00 
Pentosan soca hse Pa cedteeet usa ee arei vane 22.71 22.67 
Cellulose. e tau ua aa Saadeh aide vate tees 30.59 20.11 
Protein (water insoluble)............................. 4.40 10.00 
Total, per cent.......... Qa ET are e's maven 98.02 93.01 


There is a much better balance in the analysis of the stems and leaves than 
of. the heads, because the starch, which has begun to accumulate in the grains, 
was not accounted for in this analysis. 

A study of the decomposition of the two fractions of the plant has brought 
out the fact that the heads decomposed more readily than the stems and leaves, 
no doubt because of the higher protein content, higher starch content, larger 
water-soluble fraction, and lower cellulose and lignin content. 

It is especially interesting to note the available nitrogen balance: whereas 
the decomposition of 2 gm. of dry material of the heads, both in soil and in sand, 
resulted in the liberation of available nitrogen as ammonia, the decomposition 
of the same amount of stems and leaves (the actual amount decomposed was 
less, as shown by the lower amount of CO, liberated), with a lower nitrogen 
content, resulted in the consumption of nitrogen. When a plant material 
contains about 1.7 per cent nitrogen, as in the rye of the second sampling, there 
seems to be about enough nitrogen forthe; growth of microdrganisms which decom- 
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pose this material more or less completely. When the plant material contains 
less than 1.7 per cent of nitrogen, as in the case of the stems and leaves of the 
third preparation, additional nitrogen will be required, before the organic mat- 
ter is completely decomposed (speaking, of course relatively, since if a long 
enough period of time is allowed for the decomposition, less additional nitro- 
gen will be needed). If the organic material contains more than 1.7 per cent 
nitrogen, as in the case of the plants in the first planting and the heads of the 
third sampling, a part of the nitrogen will be liberated as ammonia, in the 
decomposition processes. The difference between the nitrogen content of the 
heads and this hypothetical figure = 0.5 (2.2-1.7) per cent or 10 mgm. nitro- 
gen for the 2 gm. of organic matter used; actually 5.7 mgm. and 7.5 mgm. of 
nitrogen were liberated as ammonia in the sand and soil media respectively. 
The difference between the hypothetical figure and the nitrogen content of 
the stems and leaves was 0.69 (1.7-1.01) per cent or 13.8 mgm. nitrogen for 
the 2 gm. of plant material used. Actually 12.1 and 7.5 mgm. of nitrogen 
were consumed in the sand and soil media. Had the decomposition been 
allowed to proceed further, the results would have approached from both direc- 
tions the hypothetical figure, and, with prolonged decomposition (of synthe- 
sized substances) would have exceeded it. 

The rye plants sampled on June 30 were divided into three definite frac- 
tions: 1. heads, including the grains; 2. stems and leaves; and 3. roots, from 
which most of the adhering soil was removed by slight washing. The mois- 
ture content of the plant has decreased considerably, being only 15 per cent. 
The three portions were analyzed and their decomposition studied separately. 
The following summary gives a balance of the analysis of the three portions 
of the dry plant: 


STEMS AND Roots: 


HEADS LEAVES eyes 
ber cent per cent per cent 
ASh lost bh he ek hand a uyu Ue SQ 3.30 3.90 ? 
Ether-soluble fraction......................... 0.59 1.26 0.80 
Water-soluble fraction (-ash content)........... 4.03 7.79 3.62 
Einin as ee een y M aB wes eirian h 6.90 19.80 17.10 
Pentosan piona Sieh Eaa ENEE E ae N 11.90 22.90 26.55 
Cèllülosé s oreore p nae cu Sa CERE iT s Rakes 4.59 36.29 39.67 
Protein (water insoluble).....................: 7.25 1.06 2.88 
Total, per Cente... occ ccc ccc teen ee 38.56 93.00 90.62 


The incomplete balance in the analysis of the heads is due to the fact that the 
starch content was not considered in the analysis and the grains contain about 
60 per cent of starch as could well be illustrated by the high sugar content of 
the alkali and acid hydrolyses. The analysis of the stems and leaves shows 
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that the pentosan content has somewhat increased, whereas the lignin and the 
cellulose have increased considerably. The protein content has diminished 
very appreciably. An examination of the composition of the roots (on the 
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basis of organic matter free from ash) shows that they are higher in pentosan 
and cellulose and lower in the ether-soluble and water-soluble portions. 

A study of the decomposition (fig. 3, 4) of the three fractions of the nearly 
mature rye straw shows that the heads decompose very readily, because of the 
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high content of nitrogen and starches; the decomposition of the stems and leaves 
is similar to that in the third sampling, irrespective of the fact that the nitrogen 
content of the stems and leaves in the fourth sampling is just about one-fifth 
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that of the third sampling. Since the protein content was rather low in both 
cases, additional nitrogen was introduced into the sand and soil. The less the 
nitrogen content of the plant, the greater was the consumption of nitrogen by 
the organisms which decomposed the plant materials. 
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The roots decomposed rather more slowly than the stems and leaves, prob- 
ably because of the smaller amount of organic matter introduced (3 gm. equiva- 
lent to 1.67 gm. of water- and ash-free organic matter as compared with 2 gm. of 
stems and leaves equivalent to 1.83 gm. of water- and ash-free organic matter). 

Parallel with these decomposition studies, 20-gm. quantities of fresh stems 
and leaves equivalent to 17 gm. of dry matter, were added to a series of flasks 
containing 200-gm. portions of either sand or soil. To bring the mixture to 
optimum moisture, 45-cc. portions of distilled water containing 500 mgm. 
(NH4)2HPO,, 125 mgm. KsHPO;, 100 mgm. MgSQu, and 100 mgm. KCl were 
then added to each flask. The flasks were plugged with cotton and incubated 
for 2 months. At the end of the incubation period the culture material was 
taken out of each flask and divided into several definite portions for analysis. 
The results can be summarized as follows: 

In the sand cultures, of the 17 gm. added, there was left, on the average, 
8,770 mgm. of the water- and ash-free organic matter. The decomposition 


TABLE 4 
Composition of organic matter at beginning and at end of decomposition 
(Fourth sampling) 


AT BEGINNING OF 


EXPERIMENT AT END OF EXPERIMENT 


mgm. mgm. per cent 


Organic matter (free from water-soluble 

substances and aash)...................... 15,114 8,770 58.03 
Pepntosagmag s asna quan tp. s ea ahs 3,928 1,553 39.54 
Cellulósë,y u aa naa aus 2 estes 6,262 2,766 44.17 
Dagny st aa an sahi s La kad SA 23 3,403 3,019 88.72 
Protein.......... xw dune Merle MA Moe waders 181 519 286.70 
Unaccounted for.......................... 10.25 per cent 10.41 


did not proceed further because of an insufficient supply of available nitrogen, 
since only traces of ammonia were left of the 100 mgm. of nitrogen added in the 
form of ammonium phosphate. The composition of the residual organic matter 
is given in table 4. 

Practically all the lignin present in the original plant material was found to 
be left at the end of decomposition. More than 60 per cent of the pentosan 
was decomposed, since only 39.6 per cent is left. Of the cellulose, 55.8 per cent 
is decomposed. Only 181 mgm. of protein, insoluble in cold water, was added; 
however, at the end of the experiment, 919 mgm. protein was found. These 
results definitely indicate that, in the decomposition of straw in the soil, the 
soluble sugars and starches are the first to decompose, followed by the pento- 
sans and celluloses. The pentosans decompose somewhat more rapidly than 
the celluloses. There is a considerable increase in the amount of protein mate- 
rial, because of the synthesizing activities of the microérganisms, which use 
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the pentosans and celluloses as sources of energy. The lignins are not readily 
decomposed and the proteins accumulate. These point definitely to the nature 
of the “humus” complexes in the soil. 

The somewhat more rapid decomposition of pentosans than of celluloses 
has been observed by a number of investigators in the study of the composting 
of stable manure (10, 6). 

The results of the decomposition of the stems and leaves in soil are somewhat 
similar. Of 3,689 mgm. of pentosan added, only 1,313, or about 36 per cent, 
was left. Over fifty per cent of the cellulose was decomposed. 

The lignin remained largely undecomposed, and has contributed to the 
formation of humic acid in the soil. The “humic acid” content of the 200 gm. 
of soil increased from 912 mgm. in the control to 2,076 mgm. As a result of 
the decomposition of 17 gm. of organic matter, there was an increase of 1,164 
mgm. “humic acid” in the soil. The nitrogen content of this humic acid in- 
creased from 19.2 mgm. to 33.2 mgm. 


SUMMARY 


1. A detailed study has been made of the composition of the rye plant at 
different stages of growth and of its decomposition in sand and in soil by 
microérganisms. 

2. The young plant consists of 80 per cent moisture. A third of the dry 
portion of the plant is soluble in cold water. The plants contain 2.50 per cent 
nitrogen, 7.66 per cent ash, 16.6 per cent pentosan, 18.06 per cent cellulose, 
and 9.9 per cent lignin. 

3. With the advance in age of plant, there is a gradual decrease of the nitro- 
gen, ash and fat content, also of the water-soluble portion, and a gradual 
increase in the content of lignin, pentosan, and cellulose. At maturity, the 
stems and leaves of the plants contain only 0.24 per cent nitrogen, 9.9 per cent 
water-soluble substances, 19.8 per cent lignin, 22.9 per cent pentosan, and 36.3 
per cent cellulose. 

4. The heads and grains of the rye plant contain considerably more nitrogen 
than the stems, leaves, and roots; less lignin, pentosan, and cellulose; bat con- 
siderably more starch. 

5. The more mature plants decompose more slowly than the younger plants. 
The rapidity of decomposition depends upon the amount of water-soluble 
constituents, nitrogen content, lignin content, etc. 

6. The rapidity of liberation of nitrogen in an available form depends upon 
the nitrogen content of the plant and upon the rapidity of decomposition of 
the plant constituents. The younger the plant, the higher is its nitrogen con- 
tent and the more rapidly does it decompose; this is accompanied by the libera- 
tion of nitrogen in an available form. 

7. When the nitrogen content of the plant is appt 1.7 per cent, it is just 
sufficient to cover the requirements of the microtrganisms which are active in 
the decomposition of the plant material within a period of 4 weeks. If the 
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plant contains more than 1.7 per cent nitrogen, the excess of nitrogen is rapidly 
liberated in an available form even within the first 4 weeks of decomposition. 
If the plant material contains less than 1.7 per cent nitrogen, an additional 
source of available nitrogen will be required before it can be completely de- 
composed. The lower the nitrogen content of the plant the greater is the 
amount of additional nitrogen required, or the longer will be the period of time 
required for the decomposition process. 

8. Since there is a very definite ratio between the energy and nitrogen con- 
sumption of the microdrganisms decomposing the organic matter, it is easy to 
calculate, with any given amount of plant material and a known nitrogen 
content, whether nitrogen will be liberated in an available form or additional 
nitrogen will be required within a given period of time. It is also possible to 
calculate how much of this nitrogen is required for the decomposition of the 
plant material and how long it may take before the nitrogen is again made 
available. 

9. In the decomposition of plant materials in the soil, the soluble organic 
substances are the first to be decomposed, followed by the decomposition of 
the pentosans and celluloses, the first tending to disappear somewhat more 
rapidly than the second. The lignins decompose less rapidly than any of the 
major plant constituents and tend to accumulate in the soil. The plant proteins 
are readily decomposed and, instead, microbial proteins are synthesized. The 
latter process accounts for the need in nitrogen for the decomposition of the 
plant materials. 

10. The accumulation of the lignins, which resist decomposition more than 
the other plant constituents, and the synthesis of microbial nitrogenous com- 
plexes account for the increase in soil “humus” as a result of decomposition of 
natural organic materials. The synthesizing activities of the microérganisms 
account for the nitrogen content of this “humus.” 
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